ABSTRACT
INTRODUCTION

73
Transcription occurs at thousands of sites throughout the mammalian genome. Many of these 74 sites are devoid of protein-coding genes and instead contain long noncoding RNAs (lncRNAs).
75
While lncRNA loci have been implicated in a variety of biological functions, comparatively few 76 lncRNA loci have been genetically defined to have RNA-based roles. Indeed, deletions of entire 77 lncRNA loci have uncovered a number of in vivo phenotypes [9] [10] [11] [12] [13] ; however, this approach alone is 78 confounded because in addition to the lncRNA transcript, lncRNA loci can also exert function 79 through DNA regulatory elements [14] [15] [16] , the promoter region 17 , as well as by the act of 80 transcription 18, 19 . Thus, attributing RNA-based role(s) to lncRNA loci requires testing whether 81 other regulatory modes potentially present at the locus have molecular activity that could 82 contribute to phenotypic effects 11, 20, 21 .
83
In this study, we use the Firre locus as a model to discriminate between DNA-and RNA-84 mediated effects in vivo. We selected this locus for our study because it is syntenically conserved 85 in a number of mammals including human [22] [23] [24] [25] , and because studies have reported diverse 86 biological and molecular roles. Early characterization of the FIRRE locus in human cell lines 87 identified it as a region that interacts with the X-linked macrosatellite region, DXZ4, in a CTCF-88 dependent manner [26] [27] [28] [29] . Further analyses of the Firre locus demonstrated that it produces a 89 lncRNA that escapes X-inactivation 23, [30] [31] [32] , although it is predominately expressed from the active 90 X chromosome 29 . Studies using cell culture models suggest that the Firre locus has biological 91 roles in multiple processes, including adipogenesis 33 , nuclear architecture 23, 27, 29 , and regulation 92 of gene expression programs 23, 34 . Additionally, there is some evidence for roles in human 93 development and disease [35] [36] [37] [38] . Collectively, these studies demonstrate the diverse cellular and 
97
Using multiple genetic approaches, we describe an in vivo role for the Firre locus during 98 hematopoiesis. We report that Firre mutant mice have cell-specific defects in hematopoietic 99 populations. Deletion of Firre is accompanied by significant changes in gene expression in a 100 hematopoietic progenitor cell type, which can be rescued by induction of Firre RNA from a mouse embryos (E8.0 -E12.5). Notably, we detected Firre RNA in many embryonic tissues,
116
including the forebrain, midbrain, pre-somitic mesoderm, lung, forelimb, hindlimb, liver, and heart 117 ( Fig. 1A) . Since noncoding RNAs have been described to be generally expressed at lower levels 118 compared to protein-coding genes [39] [40] [41] [42] , we determined the relative abundance of Firre RNA in 119 vivo. We performed RNA-seq on eight different WT embryonic tissues and plotted the expression 120 of noncoding and coding transcripts. Consistent with previous reports [39] [40] [41] [42] , we observed that 121 noncoding transcripts were generally less abundant than protein-coding transcripts (Fig. 1B) .
122
Despite most lncRNAs being expressed at low levels, we found that Firre, like Malat1 [43] [44] [45] , is an 123 abundant transcript (Fig. 1B) . Next, since Firre is located on the X chromosome and escapes X- situ hybridization or by RNA-seq (Fig. 1A, D) .
138
Since Firre is found on the X chromosome, we first sought to determine if deletion of the 139 locus had an effect on the expected sex ratio of the progeny. Matings between ∆Firre mice 140 5 produced viable progeny with a normal frequency of male and female pups that did not exhibit 141 overt morphological, skeletal, or weight defects (Extended Data Table 1 and Extended Data Fig.   142 2). Moreover, deletion of Firre did not impact expression levels of Xist RNA in embryonic tissues 143 or perturb Xist RNA localization during random X chromosome inactivation (XCI) in mouse 144 embryonic fibroblasts (MEFs) (Extended Data Fig. 3A-C 
167
In contrast to ∆Firre MEFs, we detected pronounced localization of Firre RNA in the nucleus of
168
WT MEFs (Fig. 1H) 
211
serum concentrations compared to the broad-acting LPS (Fig. 2F,G) . In addition, we confirmed 212 that overexpressing Firre RNA alone (without LPS) does not result in increased serum levels of
213
TNFa, IL12-p40, and MIP-2 (Extended Data Fig. 4 ).
214
Because increased levels of TNFa is a hallmark of endotoxic shock 
242
Data Fig. 5C ).
243
To assess whether the observed defect in hematopoiesis could be due to a progenitor- Fig. 6A,B) .
248
We assessed the long-term reconstitution ability of WT and ∆Firre 
282
Consistent with our previous data ( 
293
These data suggest that Firre RNA, rather than the DNA, exerts a biological function in the CLPs 294 during hematopoiesis. .
296
Expression of transgenic
356
In this study, we developed three genetic models in mice for the syntenically conserved 357 
466
Endotoxin survival experiments were performed over two independent experiments using 467 mice 9 to 16 weeks old: WT (mean age = 12.9 weeks), ∆Firre (mean age = 16 weeks), 
478
Whole-mount in situ hybridization. We generated an antisense digoxigenin-labeled antisense 479 riboprobe against Firre from a 428bp sequence (Extended Data Fig. 1C Fig. 1A,B) . For each tissue, we generated the following libraries: WT male 
521
Reads were mapped to the mm10 mouse reference genome using TopHat v2. 
537
The adapter-trimmed reads were mapped to the mm10 mouse reference genome using
538
TopHat v2.1.1 with the flags: "--no-coverage-search --GTF gencode.vM9.annotation.gtf"
539
(Gencode vM9 reference gene annotation) FeatureCounts and R-package, DESeq2, were used 540 to quantify gene expression and assess the statistical significance of differences between 541 conditions 66,67 and the p-value of comparisons were empirically calculated by using fdrtools 68 .
542
Genes with an FDR<0.1 were deemed significant in a comparison between wildtype and ∆Firre
543
(Extended Data 
594
Flow cytometry was performed on a LSR-II (BD) and the gating was performed using 
602
gates were set using fluorescence-minus-one controls (FMO).
604
Competitive HSC transplant assay. Bone marrow from age-and sex-matched mice was 605 collected and pooled with like genotypes (as described in flow cytometry analysis section) from 606 mice that were 8 to 9 weeks in age: PepBoy/CD45.1 (n=3 females per experiment; mean age = 
615
(BD Aria). Recipient mice, PepBoy/CD45.1 (n=10 males per experiment; mean age = 8.6 weeks),
616
were lethally irradiated using a split 9.5g split dose (3 hours apart 
962
plot with the minimum and maximum, the significance was determined using a two-tailed t-test,
963
WT shown in dark gray and ∆Firre shown in red. 
